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MEDIA FOR THE REMOVAL OF HEAVY
METALS AND VOLATILE BYPRODUCTS
FROM DRINKING WATER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a Continuation of application Ser. No.
11/467,649 filed Aug. 28, 2006, now abandoned; the entire
contents of which are incorporated herein by reference.

TECHNICAL FIELD

The invention generally relates to media that can remove
heavy metals and volatile byproducts from aqueous systems,
as well as methods of making and using the media including
methods of puritying drinking water.

BACKGROUND

Even low levels of heavy metals (for example arsenic, lead,
cadmium, mercury, etc.) in drinking water are considered
detrimental to a person’s health, and 1n the case of infants, are
believed to impede 1ntellectual development. For example, in
babies and children, exposure to lead 1n drinking water above
the action level can result in delays 1n physical and mental
development, along with slight deficits in attention span and
learning abilities. In adults, lead exposure via drinking water
can cause increases i blood pressure, as well as the develop-
ment of kidney problems.

Recognizing these hazards, the Environmental Protection
Agency (EPA) has established limits on the presence of heavy
metals 1n drinking water. For example, no more than 15 parts
per billion (15 ppb) of lead may be present 1n public water
systems. In addition, industrial water streams must contain
less than 0.5 ppm of heavy metals before the water can be
discharged.

In addition to reducing the heavy metals to acceptable EPA
levels, it 1s desirable to improve the taste, odor and smell of
drinking water by removing chlorine, 1onic metals, organic
molecules and colloidal particles. Ion exchangers, both
organic and morganic, including crystalline molecular sieve
zeolites, are known to remove certain metals from aqueous
systems such as drinking water. Activated carbon 1s also used
in water purification or remediation processes. Activated car-
bon improves taste, odor and smell by adsorbing 1onic metals,
organic molecules and colloidal particles and also removes
chlorine.

In addition to esthetic elfects, elevated levels of certain
contaminants, for example halogenated organic compounds,
are known to be able to detrimentally impact health in ways
such as increasing the risk of certain cancers.

The purification of drinking water 1s often accomplished at
its point of use, such as under-the-counter, on-the-counter,
whole house systems, end-oi-tap, or free standing gravity
flow carafe type devices. For industrial/commercial applica-
tions, packed bed systems are typically used.

There 1s an ongoing effort to develop improved products
which meet or exceed EPA and other regulatory body require-
ments for heavy metals and halogenated byproducts removal
as well as improved taste, color and odor, and have tlow rates
which are commercially acceptable. In circumstances where
the filter size 1s limited and/or high flow rates are required,
there 1s particular need for eflective drinking water purifica-
tion techniques.

SUMMARY

The following presents a simplified summary of the inven-
tion 1n order to provide a basic understanding of some aspects
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of the invention. This summary 1s not an extensive overview
of the invention. It 1s intended to neither 1dentity key or

critical elements of the invention nor delineate the scope of
the invention. Rather, the sole purpose of this summary 1s to
present some concepts of the invention 1n a simplified form as
a prelude to the more detailed description that 1s presented
hereinafter.

The subject invention provides a media that can advanta-
geously remove both heavy metals and volatile byproducts
from water. The media can be employed effectively 1n end of
tap applications and granular bed applications, where high
water tlow rates are encountered, coupled with limited filter
s1ze restraints.

One aspect of the invention relates to water purification
media or compositions containing an activated carbon having
at least one of a specific particle size, surface area, and poros-
ity with a microcrystalline and/or amorphous titanosilicate at
least partially coating the activated carbon.

Another aspect of the invention relates to methods of mak-
ing a water purification composition by contacting activated
carbon, a titanmium compound, a silicon compound, and
optionally a hydroxide compound to form a mixture, typically
an aqueous mixture, and drying the mixture to provide a
microcrystalline and/or amorphous titanosilicate coated acti-
vated carbon capable of puritying water.

Yet another aspect of the invention relates to methods of
purifying water or removing heavy metals and volatile
byproducts from water mvolving contacting water compris-
ing a first amount of a heavy metal and a first amount of a
volatile byproduct with the water punfication media and
recovering water comprising a second amount of the heavy
metal and a second amount of the volatile byproduct, wherein
the second amount of the heavy metal 1s less than the first
amount of the heavy metal and the second amount of the
volatile byproduct 1s less than the first amount of the volatile
byproduct.

To the accomplishment of the foregoing and related ends,
the 1nvention comprises the features hereinafter fully
described and particularly pointed out 1n the claims. The
following description sets forth in detail certain illustrative
aspects and 1mplementations of the invention. These are
indicative, however, of but a few of the various ways in which
the principles of the ivention may be employed. Other
objects, advantages and novel features of the mvention will
become apparent from the following detailed description of
the mvention.

DETAILED DESCRIPTION

The media 1s suitable for use 1n the removal of both heavy
metals and volatile byproducts from aqueous systems that
contain at least one heavy metal and at least one volatile
byproduct. The media 1s particularly efiective at removing
lead and volatile chlormation byproducts from drinking
water.

For purposes of this invention, the term heavy metals
includes heavy metal 1ons (for example Pb (1), Pb (IV), Hg
(II), Cr (11I), Co (1I), Co (I1II), Cd (1I), Ag (I) As (III), As (V),
and the like), heavy metals, and compounds containing at
least one heavy metal atom (for example, sodium arsenate).
Examples of heavy metals include one or more of lead, cad-
mium, zinc, copper, chromium, cobalt, arsenic, and mercury.
For purposes of this invention, the term volatile byproducts
include carbon containing compounds and particularly halo-
carbons. Examples of volatile byproducts include volatile
chlorination byproducts such as ftrihalomethanes (for
example; chloroform, bromoform, bromodichloromethane,
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and chlorodibromomethane), bromate, chlorite, haloacetic
acids, chloramines, and the like and volatile organic byprod-
ucts such as benzene, halobenzenes, acrylamide, carbontet-
rachloride, bromodichloromethane, chlorodibromomethane,
dichloroethylene, dichloromethane, halopropanes, dioxin,
alkylbenzenes, PCBs, toluene, xylenes, vinyl chloride, sty-
rene, and the like.

The aqueous systems to which the methods are typically
applied are industrial, municipal, remote, or residential water
streams. For example, the media can be employed in the
treatment of drinking water, 1n an 1ndustrial, municipal, resi-
dential, or remote (portable) context to decrease the amount
ol heavy metals and volatile byproducts 1n the water. In resi-
dential water streams, the media can be particularly usetul 1n
end of tap (EOT) or inline applications where limited filter or
cartridge size and high flow rates may otherwise raise con-
cerns.

The media contains activated carbon having a specific par-
ticle size, pore structure, and/or surface area, which contrib-
ute to 1ts ability to remove unwanted heavy metals and vola-
tile byproducts from aqueous systems. The activated carbon
may also have levels of microporosity, mesoporosity, and/or
macroporosity, which further contribute to its ability to
remove unwanted heavy metals and volatile byproducts from
aqueous systems. The activated carbon has titanosilicate pre-
cursors secured on its surface.

The mediais formed 1n a manner that maximizes the ability
to remove unwanted heavy metals and volatile byproducts
from aqueous systems. The media has a high capacity for both
heavy metals and volatile byproducts compared to conven-
tional water purification materials, which often can remove
either heavy metals or volatile byproducts, but not both effec-
tively.

The media 1s made by combining activated carbon with
titanosilicate precursors in a suitable manner to secure the
titanosilicate precursors on the surface of the activated car-
bon. While not wishing to be bound by any theory, it 1s
believed that the titanosilicate precursors form a microcrys-
talline and/or amorphous titanosilicate on the surface of the
activated carbon, as opposed to a purely crystalline form of
titanosilicate. The activated carbon having specific particle
s1Ze, pore structure, and/or surface area with a microcrystal-
line and/or amorphous titanosilicate on its surface 1s effective
in removing both heavy metals and volatile byproducts from
aqueous streams. It has been determined that certain activated
carbon can remove volatile chlornation byproducts from
water and that crystalline titanosilicate can remove lead from
water. It has also been found in some cases that the traditional
combination of crystalline and/or amorphous titanosilicate
on activated carbon 1s not effective 1n removing both heavy
metals and volatile byproducts from aqueous streams to lev-
els below regulatory limits 1n cases where filter or cartridge
s1ze 1s limited and flow rates are relatively high.

In one embodiment, thus, the media of microcrystalline
and/or amorphous titanosilicate on the surface of the acti-
vated carbon does not comprise more than about 5% by
weight of crystalline titanosilicate. In another embodiment,
the media of microcrystalline and/or amorphous titanosilicate
on the surface of the activated carbon does not comprise more
than about 2% by weight crystalline titanosilicate. In yet
another embodiment, the media of microcrystalline and/or
amorphous titanosilicate on the surface of the activated car-
bon does not comprise any detectable crystalline titanosili-
cate.

The activated carbon has at least one of a specific particle
s1Ze, pore structure, and surface area. In another embodiment,
the activated carbon has at least two of a specific particle size,
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pore structure, and surface area. In yet another embodiment,
the activated carbon has at least three of a specific particle
s1ze, pore structure, and surface area.

The activated carbon may have a particle size distribution
which contributes to the ability of the media to remove both
heavy metals and volatile byproducts from aqueous systems.
In one embodiment, the activated carbon has a particle size
range distributed mostly (more than 50% by weight) from
about 50 to about 500 um. In another embodiment, the acti-
vated carbon has a particle size range distributed mostly from
about 60 to about 300 um. In yet another embodiment, the
activated carbon has a particle size range distributed mostly
from about 70 to about 250 um. In the case where the activated
carbon 1s 1n the form of fibers and not particles, the particle
s1ze range distributions listed above refer to average cross-
sectional diameter of the carbon fibers.

The activated carbon may have a surface area which con-
tributes to the ability of the media to remove both heavy
metals and volatile byproducts from aqueous systems. In one
embodiment, the surface area of the activated carbon 1s about
300 m*/g or more and about 1,600 m*/g or less. In another
embodiment, the surface area of the activated carbon 1s about
500 m*/g or more and about 1,400 m*/g or less. In yet another
embodiment, the surface area of the activated carbon 1s about
700 m*/g or more and about 1,200 m*/g or less.

The activated carbon may have a unique distribution of
pore sizes that contributes to the ability of the media to
remove both heavy metals and volatile byproducts from aque-
ous systems. In one embodiment, the activated carbon has a
porosity of at least about 0.25 cc/g1n pores diameter of at least
about 10 and at most about 500 E (Hg 1ntrusion porosimetry,
such as using a Micromeritics model AutoPore-I1 9220 poro-
simeter 1n accordance with the analysis method outlined 1n
one or more of U.S. Pat. Nos. 5,186,746; 5,316,576; and
5,591,256). In another embodiment, the activated carbon has
a porosity of at least about 0.4 cc/g in pores diameter of at
least about 10 and at most about 500 A. In yet another
embodiment, the activated carbon has a porosity of at least
about 0.4 cc/g 1n pores diameter of at least about 10 and at
most about 500 A.

The activated carbon may have levels of microporosity,
mesoporosity, and/or macroporosity which contribute to the
ability of the media to remove both heavy metals and volatile
byproducts from aqueous systems. In particular, the activated
carbon has a relatively high percentage (a major amount) of
its pores as mesoporous and relatively low percentages (mi-
nor amounts) of its pores as miCroporous.

Microporosity refers to pores having a size (average cross-
section) of less than 2 nm, mesoporosity refers to pores hav-
ing a size from 2 nm to 50 nm, while macroporosity refers to
pores having a size greater than 50 nm. A major amount refers
to 50% or more while a minor amount refers to less than 50%.

In one embodiment, the levels of porosity 1n the activated
carbon are less than 50% microporosity, from 50% to about
100% mesoporosity and/or macroporosity. In another
embodiment, the levels of porosity in the activated carbon are
less than about 40% microporosity, from about 60% to about
99% mesoporosity and/or macroporosity. In yet another
embodiment, the levels of porosity in the activated carbon are
less than about 35% microporosity, from about 65% to about
95% mesoporosity and/or macroporosity. The relatively high
levels of mesoporosity and/or macroporosity improve the
adsorptive characteristics of the media.

In one embodiment, 1 the mesoporosity and/or
macroporosity fraction, the levels of porosity are from about
0% to about 100% mesoporosity and from about 0% to about
100% macroporosity. In another embodiment, 1n the meso-



US 9,102,551 B2

S

porosity and/or macroporosity fraction, the level of mesopo-
rosity 1s greater than the level ol macroporosity. In yet another
embodiment, in the mesoporosity and/or macroporosity frac-
tion, the levels of porosity are from about 60% to about 99%
mesoporosity and from about 1% to about 40% macroporos-
ity.

The activated carbon may be chemically activated or non-
chemically activated. Chemical activating agents include one
or more of alkali metal hydroxides, alkali metal carbonates,
alkali metal sulfide, alkali metal sulfates, alkaline earth metal
carbonates, alkaline earth metal chlorides, alkaline earth
metal sulfates, alkaline earth metal phosphates, phosphoric
acid, polyphosphoric acid, pyrophosphoric acid, zinc, chlo-
ride, sulfuric acid, and the like. Chemical activation 1s con-
ducted by contacting one or more carbonaceous materials
with one or more chemical activating agents, mixing, option-
ally heating, optionally washing/rinsing, and optionally dry-
ing the chemically activated material. Non-chemical activa-
tion 1s conducted by heating.

The titanosilicate precursors include a titantum compound
and a silicon compound. A hydroxide compound may be
combined with either the titanium compound and/or the sili-
con compound to facilitate application to the activated car-
bon. The titanium compound and/or silicon compound form a
microcrystalline and/or an amorphous titanosilicate on the
surface of the activated carbon.

The titanium compound has the ability to react with the
s1licon compound under suitable conditions to form a micro-
crystalline and/or amorphous titanosilicate on the surface of
the activated carbon. The titantum compound may or may not
be water soluble. General examples of the titanium com-
pound include titanates such as metal titanates, organic titan-
ates, and halotitanates; titanium oxides such as titanium diox-
ide; and the like. Specific examples of the titantum compound
include sodium titanate, calcium titanate, potassium titanate,
magnesium titanate, dichloro-oxy-titanate, difluoro-oxy-ti-
tanate, dibromo-oxy-titanate, titanium ethoxide, titanium
butoxide, titanium propoxide, titanium isopropoxide, tita-
nium ethylhexoxide, and the like.

The silicon compound has the ability to react with the
titanium compound under suitable conditions to form a
microcrystalline and/or amorphous titanosilicate on the sur-
face of the activated carbon. The silicon compound may or
may not be water soluble. General examples of the silicon
compound 1nclude metal silicates and organic silicates. Spe-
cific examples of the silicon compound include sodium sili-
cate, potassium silicate, calcium silicate, magnesium silicate,
phosphosilicate, tetracthylorthosilicate, and the like.

General examples of hydroxide compounds include
ammonium hydroxides, alkali metal hydroxides, and alkaline
carth metal hydroxides. Specific examples of hydroxide com-
pounds include ammonia hydroxide, alkyl ammonium
hydroxide, tetra-alkylammonium hydroxides, sodium
hydroxide, potassium hydroxide, calctum hydroxide, magne-
sium hydroxide, mixtures of two or more thereof, and the like.
In embodiments where a hydroxide compound 1s employed, 1t
1s typically combined with one or both of the titanium com-
pound and the silicon compound 1in an aqueous solution
betore contact with the activated carbon.

The activated carbon and the titanosilicate precursors may
be 1n aqueous solutions when combined. Alternatively, one of
the activated carbon and one or more the titanosilicate pre-
cursors may be 1n an aqueous solution and the other(s) in dry
form when combined.

In embodiments where aqueous solutions of the one or
more the titanosilicate precursors are combined, the concen-
trations of the titantum compound and the silicon compound
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are sullicient to facilitate formation of a microcrystalline
and/or amorphous titanosilicate on the surface of the acti-
vated carbon. In one embodiment, one or more aqueous solu-
tions contain from about 1% to about 50% by weight of at
least one titanium compound and from about 0% to about
50% by weight, and more typically from about 1% to about
50% by weight of at least one silicon compound and option-
ally from about 1% to about 50% by weight of at least one
hydroxide compound. In another embodiment, one or more
aqueous solutions contain from about 5% to about 40% by
weilght of at least one titanium compound and from about 5%
to about 40% by weight of at least one silicon compound and
optionally from about 5% to about 30% by weight of at least
one hydroxide compound. In yet another embodiment, one or
more aqueous solutions contain from about 10% to about
35% by weight of at least one titanium compound and from
about 10% to about 35% by weight of at least one silicon
compound and optionally from about 10% to about 25% by
weilght of at least one hydroxide compound.

In some 1nstances, the microcrystalline and/or amorphous
titanosilicate formed on the surface of the activated carbon 1s
made with at least one titanium compound and at least one
hydroxide compound, but not a silicon compound. As used
herein, the term titanosilicate 1s intended to cover this possi-
bility.

Once combined, the combination solution containing the
activated carbon, titammum compound, silicon compound, and
optionally the hydroxide compound 1s mixed to facilitate
formation of a microcrystalline and/or amorphous titanosili-
cate on the surface of the activated carbon. In order to facili-
tate formation of the microcrystalline and/or amorphous
titanosilicate on the surface of the activated carbon, the pH 1s
maintained 1n the neutral to moderately basic range. In one
embodiment, the combination solution 1s maintained at a pH
from about 6 to about 12 to facilitate formation of the micro-
crystalline and/or amorphous titanosilicate on the surface of
the activated carbon. In another embodiment, the combina-
tion solution 1s maintained at a pH from about 7 to about 10.

In one embodiment, the amount of water employed 1s an
amount up to the point of incipient wetness. Reference 1s
made to the method described 1n U.S. Pat. No. 4,134,860,
which 1s hereby incorporated by reference. The point of
incipient wetness 1s the point at which the amount of liquid
such as water added 1s the lowest concentration at which the
dry or powdered mixture 1s suificiently dry so as to absorb
essentially all of the liquid. In this way, soluble titanosilicate
precursors 1n water can be added into the activated carbon.

After the microcrystalline and/or amorphous titanosilicate
coating 1s formed on the surface of the activated carbon, the
combination solution or slurry 1s filtered and washed 1n any
suitable manner to recover the media. For example, the micro-
crystalline and/or amorphous titanosilicate coated activated
carbon slurry may be filtered 1n a filter press, centrifuge, drum
filter, or any other filtration process. The recovered media

may be optionally washed with water to remove any undesir-
able residual compounds or salts (such as NaCl, KCI, NH (I,

and the like).

The media 1s then dried. The media can be allowed to dry
without introducing heat. Alternately, the media canbe milled
and/or screened 1n a wet state or dry state to produce a smaller
s1ze material or obtain a subset particle size distribution.

Drying may 1nvolve at least one of heating, storing under
vacuum, spray drying, spin tlash drying, and desiccation.
Heating mvolves exposing the media to elevated tempera-
tures for a suitable period of time to induce the release of
water. In one embodiment, the media 1s exposed to tempera-
tures from about 30° C. to about 150° C. for a time from about
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1 minute to about 50 hours. In another embodiment, the media
1s exposed to temperatures from about 50° C. to about 100° C.
for a time from about 10 minutes to about 20 hours. In yet
another embodiment, the media 1s exposed to temperatures
from about 70° C. to about 90° C. for a time from about 1 hour
to about 15 hours. Advantageously, heating does not signifi-
cantly decrease the removal capacity of the media.

The media can consist essentially of the titanosilicate
coated activated carbon. However, the media contaiming the
titanosilicate coated activated carbon may optionally further
contain other adsorptive material, such as one or more of
untreated activated carbon, activated carbon treated or coated
in some other process, 1onic resin, granular titanosilicate,
terric hydroxide, alumina, magnesia, bauxite, zeolites, and
the like. In one embodiment, the media contains from about
1% to 100% by weight of the titanosilicate coated activated
carbon and from 0% to about 95% of at least one of additional
untreated activated carbon, activated carbon treated or coated
in some other process, 1onic resin, granular titanosilicate,
terric hydroxide, alumina, magnesia, bauxite, and zeolites. In
another embodiment, the media contains from about 25% to
about 95% by weight of the titanosilicate coated activated
carbon and from about 5% to about 75% of at least one of
untreated activated carbon, activated carbon treated or coated
in some other process, 1onic resin, granular titanosilicate,
terric hydroxide, alumina, magnesia, bauxite, and zeolites.

The media contains a suflicient amount of microcrystalline
and/or amorphous titanosilicate coated on the activated car-
bon to facilitate removal of both heavy metals and volatile
byproducts from aqueous systems. In this connection, the
microcrystalline and/or amorphous titanosilicate at least par-
tially coats the activated carbon, although it may completely
coat the activated carbon. In one embodiment, the media
contains from about 0.01 g/in” to about 1 g/in” of microcrys-
talline and/or amorphous titanosilicate on the activated car-
bon. In another embodiment, the media contains from about
0.025 g/in” to about 0.5 g/in” of microcrystalline and/or amor-
phous titanosilicate on the activated carbon. In yet another
embodiment, the media contains from about 0.05 g/in” to
about 0.25 g/in” of microcrystalline and/or amorphous titano-
silicate on the activated carbon.

In one embodiment, the media contains from about 0.1% to
about 15% by weight of microcrystalline and/or amorphous
titanosilicate and from about 85% to about 99.9% by weight
activated carbon. In another embodiment, the media contains
from about 1% to about 10% by weight of microcrystalline
and/or amorphous titanosilicate and from about 90% to about
99% by weight activated carbon. In yet another embodiment,
the media contains from about 4% to about 8% by weight of
microcrystalline and/or amorphous titanosilicate and from
about 92% to about 98% by weight activated carbon.

The media when in granule form contains titanosilicate
coated activated carbon having a certain particle size that
contributes to 1its ability to remove unwanted heavy metals
and volatile byproducts from aqueous systems. In one
embodiment, when the media 1s employed in granule form,
the average particle size distribution 1s from about 50 um to
about 500 um. In another embodiment, when the media 1s
employed in granule form, the average particle size by weight
1s from about 60 um to about 300 um. In yet another embodi-
ment, when the media 1s employed 1n granule form, the aver-
age particle size by weight 1s from about 70 um to about 250
L.

When in granule form, the media contains low levels of
fines. Fines are particles smaller than about the lower size
limit 1n the embodiment particle size distribution. The low
level of fines contributes to low pressure drop characteristics
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of the media when used in applications such as 1n a filter for
EOT filtration. In one embodiment, when the media 1s
employed 1n granule form, the media contains less than about
5% by weight fines. In another embodiment, when the media
1s employed 1n granule form, the media contains less than
about 2% by weight fines. In yet another embodiment, when
the media 1s employed 1n granule form, the media contains
less than about 1% by weight fines.

The heavy metal and volatile byproduct removal media
may be packed imto a fixed-bed adsorbent column or con-
tainer. An aqueous stream containing heavy metals and vola-
tile byproducts 1s charged or pumped 1nto/through the media
in either up-flow or down-flow fashion. Purified water with
significantly reduced levels of heavy metals and volatile
byproducts flows out of the media. The media provides for a
high level of heavy metal and volatile byproduct removal
capacity along with easier and smoother operation of EOT
applications and/or water treatment systems.

The media may be formed 1into a multi-component block
cartridge filter or formed into a singular-active component
block cartridge filter. The media can also be used as 1s in water
treatment or clarification systems and in pre-coat filter/ad-
sorption systems.

In some 1nstances, heavy metal and volatile byproduct
removal from aqueous streams can be complicated by the
presence of other contaminants such as competing ions and
compounds. Such entities include alkaline earth metal 10ons,
often present as calcium or magnesium sulfates, phosphates
and silicates, and halide 10ons such as chlorides or fluorides.
The presence of these competing 10ns 1n aqueous systems can
vary greatly. In one embodiment, an aqueous system that 1s
contacted with the media contains from about 10 ppm to
about 1,000 ppm of competing 1ons and compounds. In
another embodiment, an aqueous system that 1s contacted
with the media contains from about 25 ppm to about 800 ppm
of competing 1ons and compounds. In yet another embodi-
ment, an aqueous system that 1s contacted with the media
contains from about 50 ppm to about 300 ppm of competing
ions and compounds. In yet another embodiment, an aqueous
system that 1s contacted with the media contains from about
75 ppm to about 200 ppm of competing 10ons and compounds.

The presence of these competing 1ons and compounds can
particularly make heavy metal removal and VOC removal
from aqueous systems much more difficult. This 1s because
the competing 1ons and compounds present compete for
available adsorption sites on the media and consequently
lower the heavy metal or VOC removal efficiency of the
media. In drinking water treatment, common competing cat-
ions are calcium, magnesium, iron from rusty pipes, and
copper from plumbing, the most common competing anions
are sulfate, phosphate, chloride, carbonate, and fluoride 10ns,
the most common competing compounds are dissolved
organic content and silica.

In one embodiment, a EOT filter loaded with the media
removes at least about 75% of the heavy metals and at least
about 75% of the volatile byproducts 1n 800 gallons of an
aqueous system passed therethrough. In another embodi-
ment, a FOT filter loaded with the media removes at least
about 90% of the heavy metals and at least about 90% of the
volatile byproducts in 800 gallons of an aqueous system
passed therethrough.

In order to meet the EPA standards (United States Envi-
ronmental Protection Agency), lead concentrations in the
eifluent or drinking water should be less than 15 ppb and
arsenic concentrations in the effluent or drinking water should
be less than 10 ppb. As may be seen from the data set forth, the
media described herein has the capability of reducing lead
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and/or arsenic concentrations 1n aqueous systems well below
the EPA levels, while maintaining commercially attractive

adsorption capacities and performance.

In one embodiment, aqueous systems passed through the
media have at least two of a lead content of about 15 ppb or
less, an arsenic content of about 10 ppb or less, -and a triha-
lomethane content of about 100 ppb or less for about 800
gallons or more at a pH of 8.5 in accordance with the NSF
International Standard 53. In another embodiment, aqueous
systems passed through the media have at least one of a lead
content of about 10 ppb or less and a trihalomethane content
of about 70 ppb or less Tfor about 800 gallons or more at a pH
ol 8.5 1n accordance with the NSF International Standard 53.
In yet another embodiment, aqueous systems passed through
the media have at least one of a lead content of about 5 ppb or
less and a trihalomethane content of about 60 ppb or less for
about 800 gallons or more at a pH of 8.5 1n accordance with
the NSF International Standard 33.

The media can be packed into a filter or container such as
an inline filter, a EOT filter, or a fixed-bed column. The heavy
metal and volatile byproduct containing aqueous stream
moves through or passes through the media. Treated water
with significantly reduced levels of heavy metals and volatile
byproducts flows out of the column or container. For example
arsenic and/or lead concentrations in the effluent are typically
less than about 15 ppb (micrograms/liter), and often the efflu-
ent concentrations can be less than about 2 ppb of each heavy
metal. The capacity of the media 1s higher with higher levels
of heavy metal permitted 1n the effluent stream. In residential
or remote applications, the media can be used as an EOT filter
or a Iree-tflowing granular media, filled into a cartridge with
holes on the top to permit entry of the contaminant solution,
which 1s allowed to trickle via gravity flow through the bed of
the composite material and then exit through holes on the
bottom of the cartridge, possibly into a reservoir to hold the
treated water.

The following examples illustrate the subject ivention.
Unless otherwise indicated 1n the following examples and
clsewhere 1n the specification and claims, all parts and per-
centages are by weight, all temperatures are 1n degrees Cen-
tigrade, and pressure 1s at or near atmospheric pressure.

Example 1

An aqueous solution of sodium silicate solution
(N-Brand®, 8.93% Na,O, 29.2% $510,) (36 g), 50% sodium
hydroxide solution (44 g), and deionized (DI) water (20 g)
was added dropwise to activated carbon (250 g). When the
addition was completed, an aqueous solution of titanium oxy-
chloride solution (21.9% 110, 34.8% Cl) (44.9 g) and DI
water (20 g) was added dropwise to the same activated car-
bon. Thus, the T10, and the S10, were added to the activated
carbon 1n a T1:S1 molar ratio of about 1:1.4. The resultant
material was the washed approximately 15 times by decanta-
tion with DI water and then dried at 105° C. overnight.

A sample (63.7 g) of the dried material was loaded 1nto an
End of Tap filter. The filter was fixed to an apparatus and
exposed to an aqueous mfluent stream containing chloroform
(45 ug/L), bromodichloromethane (30 ng/L.), chlorodibro-
momethane (20 ng/L), and bromoform (5 ug/L). Alter pass-
ing approximately 800 gallons of the charge at a flow rate of
approximately 0.5 GPM (gallons per minute) the Total THM
(Total TriHaloMethane) concentration was still reduced
below (60 ug/L).

Another sample (64.1 g) of the dried material was loaded
into an End of Tap filter. The filter was fixed to an apparatus
and exposed to an aqueous influent stream containing lead
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nitrate (lead concentration=1350 ug/L), and additional dis-
solved compounds. After passing approximately 800 gallons
at a flow rate of approximately 0.5 GMP the lead concentra-
tion of the effluent was still below the detection limit (<2
ng/L).

With respect to any figure or numerical range for a given
characteristic, a figure or a parameter {from one range may be
combined with another figure or a parameter from a different
range for the same characteristic to generate a numerical
range.

While the invention has been explained 1n relation to cer-
tain embodiments, 1t 1s to be understood that various modifi-
cations thereol will become apparent to those skilled in the art
upon reading the specification. Therefore, 1t 1s to be under-
stood that the invention disclosed herein 1s intended to cover
such modifications as fall within the scope of the appended
claims.

What 1s claimed 1s:

1. A water purification media comprising:

an activated carbon, said activated carbon having, in an
uncoated state at least one of a particle site distribution
from about 50 um to about 500 um, a surface area of
about 300 m*/g or more and about 1,600 m~/g or less,

and a porosity of at least about 0.25 cc/g in pores having
a diameter of at least about 10 A and at most about 500
A;

and

an amorphous titanosilicate, said amorphous titanosilicate
being a reaction product of aqueous reactants compris-
ing titanosilicate precursors comprising a titanium com-
pound and a silicon compound added to the activated
carbon 1n a T1:S1 molar ratio of about 1:1.4 1n the pres-
ence of a sodium hydroxide solution, wherein said aque-
ous reactants have been added to the surface of the
activated carbon to the point of incipient wetness,

wherein the surface of said activated carbon 1s at least
partially coated by the amorphous titanosilicate, and

wherein said media has a high volatile byproduct removal
capacity, as measured by reduction of a total trihalom-
cthane concentration 1n 800 gallons of an aqueous sys-
tem containing 100 ppb total trihalomethane to less than
60 ppb for a media sample size of about 64 grams.

2. The water purification media of claim 1, wherein the
activated carbon has, 1n an uncoated state:

at least two of a panicle size distribution from about 60 um

to about 300 um, a surface area of about 500 m*/g or
more and about 1,400 m*/g or less, and

a porosity of at least about 0.4 cc/g 1 pores having a

diameter of at least about 10 A and at most about 500 A.

3. The water purification media of claim 1 comprising from
about 0.1% to about 15% by weight of amorphous titanosili-
cate coated on the activated carbon.

4. The water purification media of claim 1, wherein the
activated carbon in an uncoated state has less than 50%
microporosity and from 50% to about 100% macroporosity.

5. The water purification media of claim 1, further com-
prising at least one of ferric hydroxide, alumina, magnesia,
bauxite, or zeolites.

6. The water purification media of claim 1 comprising from
about 0.01 g/in” to about 1 g/in” of amorphous titanosilicate
on the activated carbon.

7. The water punification media of claim 1 comprising
about 15% by weight of amorphous titanosilicate coated on
the activated carbon.

8. An end of tap filter comprising the water purification
media of claim 1.
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9. A fixed-bed column comprising the water purification
media of claim 1.
10. A method, comprising:
contacting activated carbon and an aqueous titanosilicate
precursor to form a mixture,
wherein the activated carbon has, 1n an uncoated state, at
least one of a particle size distribution from about 50
um to about 500 um, a surface area of about 300 m~/g,
or more and about 1,600 m*/g or less, and a porosity of
at least about 0.25 cc/g 1n pores having a diameter of
at least about 10 A and at most about 500 A, and
wherein the titanosilicate precursor aqueous solution
comprises aqueous reactant comprising at least one
titanium compound, at least one silicon compound,

and sodium hydroxide, wherein said aqueous reac-
tants have been added to the surface of the activated
carbon to the point of incipient wetness,

wherein said titanosilicate precursor aqueous solution
comprises the titanium compound and the silicon
compound 1n a T1:51 molar ratio of about 1:1.4, and

wherein said mixture has a Na:Cl molar ratio of about
1.49:1, and

drying the mixture to provide a water purification media

comprising amorphous titanosilicate coated activated

carbon capable of puritying water, with the proviso that

such water purification media does not comprise crys-

talline titanosilicate,

wherein said media has a high volatile byproduct
removal capacity, as measured by reduction of a total
trihalomethane concentration in 800 gallons of an
aqueous system containing 100 ppb total trihalom-
cthane to less than 60 ppb for a media sample size of
about 64 grams.

11. The method of claim 10, wherein the activated carbon,
the titanium compound, and the silicon compound are con-
tacted under a pH from about 6 to about 12.

12. The method of claim 10, wherein the composition 1s
dried at a temperature from about 30° C. to about 150° C. for
a time from about 1 minute to about 50 hours.

13. The method of claim 10, further comprising contacting
the amorphous titanosilicate coated activated carbon media to
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water comprising a first amount of a heavy metal and a first
amount of a volatile byproduct.

14. The method of claim 13, further comprising recovering
water comprising a second amount of the heavy metal and a
second amount of the volatile byproduct, wherein the second
amount of the heavy metal 1s less than the first amount of the
heavy metal and the second amount of the volatile byproduct
1s less than the first amount of the volatile byproduct.

15. The method of claim 14, wherein the water recovered
has a lead content of about 15 ppb Or less and a total triha-
lomethane content of less than about 60 ppb.

16. The method of claim 14, wherein the heavy metal
comprises at least one selected from the group consisting of
lead, cadmium, zinc, copper, chromium, arsenic, cobalt, and
mercury and the volatile byproduct comprises at least one
selected from the group consisting of trihalomethane, bro-
mate, chlornte, haloacetic acids, chloramines, benzene,
halobenzenes, acrylamide, carbontetrachloride, bromod-
ichloromethane, chlorodibromomethane, dichloroethylene,
dichloromethane, halopropanes, dioxin, alkylbenzenes,
PCBs, toluene, xylenes, vinyl chloride, and styrene.

17. The method of claim 10, further comprising enclosing,
said water purification media 1n an end of tap filter.

18. The method of claim 17, wherein the amorphous titano-
silicate coated activated carbon media removes at least about
75% of the heavy metal and more than about 40% of the
volatile byproduct in 800 gallons of water passed there
through.

19. The method of claim 10, wherein the amorphous titano-
silicate coated activated carbon media 1s 1n granule form, the
average granule size by weight 1s from about 60 um to about
300 um.

20. The method of claim 19, wherein the amorphous titano-
silicate coated activated carbon media removes more than
about 40% or the volatile byproduct 1n 800 gallons of water
passed there through.

21. The method of claim 10, wherein at least one titanium
compound 1s titanium oxychloride and wherein said at least
one hydroxide compound 1s sodium hydroxide, and wherein
the molar ratio of Na:Cl 1n the titanosilicate precursor aque-
ous solution 1s about 1.49:1.

¥ ¥ # ¥ ¥



	Front Page
	Specification
	Claims

